INTRODUCTION
Animal fats such as lard and tallow have long been recognized as raw material for food 1, 2 and industrial applications 3, 4 . Lard may be used in its raw form as frying medium 5 or after modifi cation of its physical properties as shortening for baking applications 6 . Firmness of lard was considered as an important property as firm-lard could resist rancidity development 7 as well as meet a range of industrial requirements. Firmness of lard was improved through blending with hydrogenated stock 2 or hard component isolated from fractional crystallization. In the past, the separation of hard component of lard stearin has been accomplished through techniques such as short-path distillation 8 , supercritical carbon dioxide extraction 9 , or dry and solvent crystallization 10, 11 . Although stearin is the mainly targeted product, a fair proportion of the liquid component is also recovered as the co-product of fractionation. While stearin has been used to improve the fi rmness of lard, olein isolated was found application as frying medium or bread pan lubricating agent. In fact, the use of lard or its fractionated products in food is prohibitive under halal and kosher food regulations 12 . As a result, there has been a great deal of interest to develop analytical methodologies to detect
Correspondence to: J. M. N. Marikkar, Halal Products Research Institute, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor D. E., MALAYSIA E-mail: nazrim_marikkar@putra.upm.edu.my Accepted February 14, 2011 (received for review January 19, 2011) Journal of Oleo Science ISSN 1345-8957 print / ISSN 1347-3352 online http://www.jstage.jst.go.jp/browse/jos/ lard in food systems 5, 13, 14 . Most of the past researches, however, were mainly focused on the detection of genuine lard without considering lard occurring in the modified forms such as stearin and olein. Up to date, only a little information could be found on the composition and thermal curves of lard stearin and lard olein, though establishing their identity characteristics for detection purposes has become important. The information of this kind would be greatly helpful for food control authorities who are required to carry out routine test on commercial products that are suspected to contain lard. Hence, the objective of this study is to identify characteristic properties common to native lard and its fractions using gas liquid chromatography GLC , high performance liquid chromatography HPLC , differential scanning calorimetry DSC and nuclear magnetic resonance NMR spectroscopic techniques.
lected from local slaughter houses according to the method reported previously by Marikkar et al. 13 . All chemicals used in this experiment were of analytical or HPLC grade.
Methods

Fractional crystallization of lard
Fractional crystallization was carried out using acetone as solvent medium. Lard was melted at 60 and mixed with acetone in 1:2 w/v ratio. The solution was boiled at 60 until become uniformly dissolved and left at 5 1 for 24 h to crystallize. The precipitated fat was fi ltered off to give a high melting fat fraction LS . After removing the precipitate, the mother-liquor was evaporated under reduced pressure to yield a liquid called low-melting fraction LO . 15 . The sample in the NMR tube was melted at 70 for 15 min, followed by chilling at 0 for 60 min, and then held at each measuring temperature for 30 min prior to measurement. Melting, chilling and holding of the samples were carried out in pre-equilibrated thermostatic glycol containing baths, accurate to 0.1 . SFC measurements were taken at 5 intervals over the range of 0-60 .
Statistical analysis
All analyses were carried out in duplicate and the results were expressed as mean value standard deviation. Data were statistically analyzed by one-way analysis of variance ANOVA , by using Tukey s Test of MINITAB version 15 statistical package at 0.05 probability level.
RESULTS AND DISCUSSION
Basic physico-chemical characteristics
Some basic physico-chemical characteristics of LS and LO are presented in Table 1 . LS is characterized by a higher slip melting point 45. 75 , which is about 18 units higher than that of the native sample. As a natural outcome of the fractionation processes, the solid component is mainly consisted of the higher melting triacylglycerols of the native sample. Being a liquid at room temperature, the thermal characteristics of LO is described by cloud point, which is reasonably low-enough to resist against clouding phenomenon 18 . In fact, the cloud point displayed by LO 3.2 is comparable to the cloud point of super olein extracted from the second fractionation of crude palm olein 19 . With respect to the native sample, iodine value of LS was decreased by 28 units, while that of LO was gone up by 29 units. As iodine value represents the degree of unsaturation of fatty matter, the values recorded for the fractions shows a reverse relationship with their slip melting points.
Fatty acid composition
The data presented in Table 1 compares the fatty acid profi les of LS and LO with that of LD. The major fatty acids of LS are palmitic followed by stearic, oleic, and linoleic, comprising about 95 of the total. Unlike LD, palmitic is the most dominant fatty acid 31.68 in LS followed by stearic 25. 15 , and oleic 24.97 acids. With respect to the native sample, tremendous increases in the proportions of stearic and palmitic could be noticed in LS, with concurrent reductions in oleic 34
and linoleic 31 acids. These changes in fatty acid distribution could be accounted for the lower iodine value and higher slip melting point of LS Table 1 . As a common feature, both LO and LD were found to possess higher percentage of unsaturated fatty acids than saturated fatty acids. In LO, oleic 42.76 was the most dominant fatty acid followed by linoleic 23.62 and palmitic 21.76 acids. However, with respect to the native sample, there are slight increases in oleic and linoleic acids with the concurrent decreases in palmitic and stearic acids. Naturally, with the migration of more palmitic and stearic acids into the solid phase, the liquid phase becomes more enriched with oleic and linoleic acids. These changes in the fatty acid composition of LO are also found to tally with the change in the degree of unsaturation indicated by the iodine value Table 1 .
Lard having a higher proportion of C16:0 at the sn-2 position has been established in several previous studies 6, 14 .
Based on the data in Table 1 , total saturated and unsaturated fatty acid content of LS at the sn-2 position are 88.5 and 11.5 , respectively. Accordingly, the percentage of C16:0 content at the sn-2 position of LS is found to be 76.57 . In LO, the total saturated and unsaturated fatty acid contents at the sn-2 position are 89.43 and 9.66 , respectively. In this fraction, the percentage of C16:0 content at the sn-2 position is found to be 79.18 . Once the fatty acid distribution of sn-2 position is known, the fatty acid enrichment factor FAEF corresponding to palmitic acid could be calculated. In comparison to the native sample, palmitic acid enrichment factor value of LS is lower 247 while that of LO is found to be higher 363
. According to past studies, this feature has been effectively utilized to detect lard in food systems 5, 14 .
TAG composition
The TAG distributional profiles of LS and LO are compared with that of the native sample as shown in Table 2 . The major TAG molecular species of LD are LPO, OPO, PPO and SPO comprising 61.5 of the total. This is in agreement with the previous fi ndings of Rashood et al. 14 .
These four are also the most dominant TAG molecular species of LS, but PPO and SPO are found to increase tremendously with concurrent reductions in LPO and OPO. According to Table 2 , the differences seen in the distribution of OOS, SPO, and PPS would be remarkable. Despite these differences, there exists some relationship between LS and LD with regard to TAG peak ratios of the most predominating TAG molecules. For instance, LPO/OPO of these two samples is comparably similar while SPO/LPO and SPO/OPO are distinctly different p 0.05 Table 2 . This could be due to the fact that the proportions of LPO and OPO are approximately similar in both LS and LD samples. Further, the higher proportions of disaturated and trisaturated TAGs in LS could have lead to the occurrence of increased amounts of palmitic and stearic acids in the overall fatty acid distribution. Consequently, this would have caused the increase in SMP and decrease in iodine value of LS as shown in Table 1 . On the other hand, the TAG composition of LO is found to deviate considerably from that of the native sample as it is found to possess OPO, LPO, PLL and OOL as the major TAG molecules, but almost negligible amounts of the TAG molecules PPS, SSO, and SSS. The proportions of LPO and OPO in LO are remarkably higher than those of the same TAG molecules found in either LD or LS. The other TAG molecular species of LO showing signifi cant increases p 0.05 are OLL, PLL, and OOL. In comparison to the native sample, the peak ratio values SPO/LPO, and SPO/OPO has decreased significantly p 0.05 Table 2 . However, the LPO/OPO ratio of LO is comparably similar value to that of LD. The higher proportions of diunsaturated and triunsaturated TAGs in LO could have lead to the occurrence of increased amounts of oleic and linoleic acids in the overall fatty acid distribution. As a consequence, LO displays an increased value of IV as shown in Table 1 .
Thermal characteristics by cooling curve
Thermal characteristic of LS and LO by DSC cooling curves are compared with those of LD as shown in Fig. 1 . The cooling profi le of the native sample is represented by curve B , while those of LS and LO are represented by the curves A and C , respectively. It is clear that both LS and LO possessed cooling profi les, which are distinctly different from that of the native sample. In the cooling curve of LD, the occurence of two major exothermic thermal transitions at widely separated temperature regions indicated the presence of two distinguishable TAG groups with differing melting ranges. This is in agreement with the previous fi ndings of Marikkar et al. 13 . The major exothermic peaks at 10.3 b 2 with a shoulder peak at 16.8 b 1 could be considered to represent the high-melting TAG group, which appear to crystallize fi rst while the other sharp peak at 18.7 b 3 should be corresponding to the low-melting TAG group, which undergo crystallization later.
Curve A , representing LS displays a major and a minor transitions at 26.1 a 2 and 30.0 a 1 , respectively, but no other signifi cant transition below 30.0 . In comparison to the native sample, the thermal transitions of LS were also found to shift to the higher temperature region due to increases in the proportions of disaturated PPL, PPO, SPO and SSO 59. 51 and trisaturated PPS and SSS 5.14 , TAG molecules as given in Table 2 . Concurrently, the amount of diunsaturated PLL, LPO, OPO, and OOS 23.7 and triunsaturated LLL, OLL, OOL, and OOO 8. 17 TAG species of LS were found to decline remarkably with respect to proportions found in the native sample. The reductions in both diunsaturated and triunsaturated TAG molecules would have lead to the disappearance of the low melting transition below 20 in LS.
The cooling curve of LO as shown in Fig. 1 curve C , displayed a profile completely different from those of LS and LD. It had its major exothermic transitions at 36.1 c 3 and two minor peaks at 2.5 c 1 and 28.3 c 2 . In comparison to the native sample, the thermal transitions of LO were found to have shifted into the low-temperature region of the DSC curve. The absence of any thermal transition above 0 would be an indicative feature to establish its identity as the liquid fraction of LD. Based on the HPLC analysis, LO was found to have 67.28 of diunsaturated PLL, OOS, OPO, and LPO and 20.82 triunsaturated LLL, OLL, OOL, and OOO TAG molecules Table 2 . Clearly, the amounts of disaturated PPL, PPO, SPO and SSO 9.06 and trisaturated PPS and SSS 0 TAG species possessed by LO were lower than those of the native sample. It could be assumed that the drastic reductions in both disaturated and trisaturated TAG molecules Table 2 Triacylglycerol (TAG) would have lead to the disappearance of the high melting transition above 0 in LO.
Thermal characteristics by heating curve
In Fig 2, DSC melting curve of LD is represented by curve B , while those of LS and LO are represented by curve A and curve C , respectively. In curve B , two distinguishable regions could be found out for LD by taking 10 as the point of reference. The region below 10 is found to have two low-melting transitions b 1 . LS not having any significant thermal transition in the temperature region below 10 is a notable feature. It can be assumed that the four transitions displayed by LS would have emerged from the high-melting TAG group of the native sample, while the contribution of low-melting TAG group in it was significantly lower. Moreover, the shifting trend in thermal transitions of LS toward the higher temperature region would be accounted to the increases in the proportions of disaturated PPL, PPO, SPO and SSO 59.51 and trisaturated PPS and SSS 5.14 TAG molecules as shown in Table 2 . On the other hand, the heating curve of LO is characterized by three thermal transitions, a major peak c 2 3.38 with two shoulder peaks c 1 19.58 and c 3 13.83 . This cluster of thermal transitions would have emerged from the low-melting TAG group of the native sample, while the contribution of highmelting TAG group in it was signifi cantly low. Also, in comparison to those of the native sample, the transitions of LO have become wide and broad. This could be probably due to the polymorphism phenomenon taking place during the process of heating. As the samples are heated, some of the less thermally stable polymorphs could melt early; the remaining TAG rearranges and re-crystallizes into more stable polymorphs, which may melt at a higher temperature. Because of this, melting of two or more TAG structures might take place simultaneously, leading to the overlapping of two successive thermal transitions, which might end up in peak broadening.
Solid fat content
The solid fat content SFC profiles of LS and LO are compared with that of LD as shown in Fig. 3 . At 0 , LD is found to possess 30.8 solid content, which is in accordance with the previous fi ndings of Kamel 20 and Ospina-E et al. 21 . The solidifi cation behaviors of LS and LO are quite different from that of the native sample in greater part of the temperature region. LO could be distinguishable easily from the native sample as it remains as a liquid throughout the temperatures. Since the SFC value of LO at 0 was 0.15 , it displayed a fairly lower cloud point 3.2 . This could be probably due to enhanced proportions of di and triunsaturated TAG molecules possessed by LO with respect to the native sample Table 2 . In major part of the temperature region, the SFC values of LS are also quite different from those of LD. For instance, the SFC value at 0 is almost two times higher than that of LD. Although the changing SFC values of LS are represented by a smooth curve from 0 to 35 , its shape is found to change remarkably in the temperature region extending from 35 to 55 . With the slop of the SFC curve going down, SFC values of LS at 50 and 55 were 0.1 and 0 , respectively. This clearly shows that the plastic range of LS would be wider in comparison to that of the native sample, whose SFC value tended to become zero just at 40 . This difference in solidification behavior could be accounted for the enhanced proportions of di and trisaturated TAG molecules present in LS as noticed in Table 2 . 
CONCLUSION
SMP and IV of LS, and LO are largely different from those of LD. Based on the overall fatty acids, palmitic was the most dominant fatty acid of LS while oleic was the major fatty acid of LO. Similar to LD, majority of the sn-2 positions in LS and LO are occupied by saturated fatty acids, of which palmitic was the most dominant. TAG distributional analysis showed that both LS and LO displayed some characteristic differences from native lard based on the proportions of TAG molecules such as OOS, SPO, and PPS. Because of this, LS and LO also differed from the native sample on the basis of peak ratios SPO/LPO and SPO/OPO. The DSC thermal profiles of both LS and LO were signifi cantly different from those of the native sample on the basis of the position as well as the number of thermal transitions.
